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Discriminant analysis of the antibiotic resistance patterns for Escherichia coli 
isolates collected from the Rowan County watershed and from nine known host 
sources spanning humans and domestic animals was used to determine the source of 
fecal contamination in the county's surface waters. A total of 244 isolates collected 
from 15 sites in Triplett Creek and its tributaries (11 sites in Triplett Creek's main 
stem; I site each in the following tributaries: Hays Branch, Christy Creek, Dry Creek, 
and North Fork) were classified as originating from one of the following groups: 
• 
animal, human, or water. Isolates were considered unidentifiable if placed into the 
group water, and it was assumed that fecal contamination from wild animals could 
explain this occurrence. The overall average rate of correct classification for all 
isolates was 59.8% when the antibiotic panel was decreased to those antibiotics to 
which the host isolates exhibited differential resistance patterns ( amikacin, 
minocycline, piperacillin, tetracycline, and trimethoprim). In addition to assessing 
the antibiotic resistance profiles to determine the host source of fecal contamination, 
FC: FS ratios for each site were determined. Very few sites exhibited similar results 
for both methods, which were found to not have a statistically significant correlation 
as determined by a Pearson correlation analysis. Overall, fecal contaruination 
appeared to originate significantly from both human and animal sources throughout 
the watershed. The degree of antibiotic resistance in the water isolates appeared to be 
low, with only one isolate each at the Hays Branch, Triplett Creek-01 (Soldier), and 
Triplett Creek-JO (Farmers) sites exhibited multiple drug resistance, which was 
defined as being resistant to at least 3 different antibiotic faruilies. These results 
indicate that antibiotic resistance profiles can be used to determine the host source of 
fecal contamination for surface waters, although more accurate classification rates 
may have been achieved if a larger number of isolates had been assessed. 
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Introduction 
Bacteria as Indicators of Water Quality 
Waterways may be subjected to a number of potential problems that could be 
harmful to humans; however, preventing the spread of pathogenic microbes in waters 
used for human recreation, drinking, and aquaculture have received the most attention 
(Simpson et al., 2002). In the mid-Atlantic region of the United States, studies 
showed that numerous ground and surface water sites were positive for fecal bacteria, 
such as fecal coliforms (Simmons, 1994 ). The problem of fecal contamination is not 
just restricted to the mid-Atlantic region. In fact, fecal coliform bacteria are common 
in rivers and streams across the country (Hagedorn et al., 1999). In 1988, a well 
water survey was conducted by the Gateway Area Development District to assess the 
effect of failed sewage systems and straight pipe depositions on the quality of water 
in Rowan County, KY, the focal point of this study. From this survey, it was 
discovered that approximately 90% of hand-dug wells were positive for high 
concentrations of fecal coliform bacteria and approximately one out of every three 
drilled wells had human pathogens present (Kentucky District of Water and Kentucky 
Geological Survey, 1988). 
Bacteriological assays may be performed to assess the cleanliness of drinking 
and recreational waters, and in particular, determining the concentration of fecal 
coliform bacteria in surface waters has become the standard when considering the 
quality of water in lakes, rivers, and streams (Environmental Protection Agency, 
2003). Fecal coliforms are memb~r-s of the bacterial family Enterobacteriaceae, a 
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taxonomic group consisting of facultatively anaerobic, Gram-negative, oxidase-
negative bacilli with the ability to ferment the carbohydrate glucose. The members of 
Enterobacteriaceae are often referred to as "gut bacteria," for they are common to the 
intestines of mammals and birds (Todar, 2005). A subset of this family includes the 
total coliforms which are recognized for their ability to ferment the disaccharide sugar 
lactose to acid and gas in 24-48 hours at 37°C (Vidal and Collins, 1970). Total 
coliforms include such genera as Escherichia, Klebsiella, Citrobacter, and 
Enterobacter. In addition to residing within the gut of endothermic hosts, many 
coliform species are also found living in the soil and water (Vidal and Collins, 1970). 
The fecal coliforms represent a more exclusive division of the total coliforms, 
consisting of species that grow well at the elevated temperature of 44.5°C (Edberg et 
al., 1986). 
The fecal coliform Escherichia coli naturally inhabits the lower 
gastrointestinal tract of endothermic vertebrates, thus its detection in surface waters 
implies that fecal contamination is occurring. Potential sources of fecal 
contamination include sewage from industrial sites, household sewage, agricultural 
and road runoff, and the native wildlife in the area. Limits of 200 colony forming 
units (CFU) per 100 mL for fecal coliforms, 33 CFU per 100 mL for the enterococci, 
and 126 CFU per 100 mL for E. coli have been recommended by the Environmental 
Protection Agency (EPA) for recreational waters, while these bacteria should be 
absent from drinking water (Environmental Protection Agency, 2003). The EPA 
determines these values by taking multiple readings from recreational sites and 
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calculating a geometric mean to neutralize the influence of outliers. The geometric 
mean is calculated by multiplying all the values together and finding the nth root of 
the resulting value. 
E. coli and other fecal coliforms do not often pose a serious threat to humans, 
save for a few E. coli strains such as 0157:H7 (Mortlock, 1994); however they are 
particularly useful as a means to determine the presence of more harmful organisms 
that may enter the watershed through the exposure of those waters to fecal material. 
Thus, it is likely that pathogenic organisms such as Shigella spp., Salmonella spp., 
Giardia intestinalis, and Cryptosporidium parvum may be present, especially if high 
levels of E. coli are detected (Great Lakes Water Institute, 2002). 
Antibiotic Resistance 
The use of antibiotics became a widespread practice in the 1940s, and they 
were considered miracle drugs that could eradicate bacterial infections with 
essentially no harm inflicted upon the host due to their selective toxicity (Levy, 
1998). Some major antibiotic families are depicted in Table 1 along with a brief 
description of their general mode of action against bacteria. 
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TABLE I. Summary of the major antibiotic families/classes and their general mode 
of action. 
Major Antibiotic Family/Class Mode of Action 
Sulfanomides Inhibits folic acid synthesis/ DNA replication 
Quinolones Inhibits DNA f!vrase/DNA replication 
~-lactams Inhibits cell wall synthesis 
Tetracyclines Inhibits protein synthesis 
Aminoglycosides Inhibits protein synthesis 
Macrolides Inhibits protein synthesis 
Vancomycin Inhibits cell wall svnthesis 
Chloramphenicol Inhibits protein synthesis 
In the present study, a panel of twelve antibiotics spanning five of these 
families was used to assess the resistance profiles of all the bacterial isolates 
identified as E. coli. These five families, and antibiotics, included aminoglycosides 
(amikacin and gentamycin), ~-lactams (amoxicillin w/ clavulanic acid, ampicillin w/ 
sulbactam, ceftazidime, cefotaxime, pipericillin, and cephalothin), quinolones 
(ciprofloxacin), tetracyclines (tetracycline and minocycline), and sulfonamides 
(trimethoprim). 
Unfortunately, bacterial resistance to antibiotics is becoming a widespread 
problem. Many antibiotics that were commonly used to control bacterial infections 
are no longer effective because of their overuse and misuse. Aarestrup et al. (1999) 
have suggested that the alarming emergence of antibiotic resistant pathogens 
worldwide may bring forth the post-antibiotic era. Huycke et al. ( 1998) described the 
serious problem concerning the emergence of enterococci exhibiting resistance to 
multiple antibiotics. Huycke et al. (1998) mentions how the enterococci are credited 
with being the primary cause of most systemic bacterial infections acquired in 
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hospital settings, surgical wound infections, and urinary tract infections. The 
majority of clinical isolates are found to be resistant to many, if not all, standard 
therapies used to control their spread and many of these isolates have intrinsic 
resistance to some of the antibiotics used as a last resort, including vancomycin 
(Huycke et al., 1998). In a separate study conducted by Hassan et al. (2001) in 
northwestern England, there were two separate cases reported of individuals with 
post-operative wound infections found to be caused by Staphylococcus aureus 
exhibiting resistance to methicillin and teicoplanin. 
Much of the antibiotic resistance observed appears to be strongly associated 
with the use of antibiotics in the production of food animals. By combining 
antibiotics with feed at low doses, the occurrence of bacterial infections is reduced. 
As a result, the animals tend to have better growth results compared to using plain 
feed alone (Shea, 2003). A major consequence of using antibiotics for food animals 
is that this places a strong selective pressure on the flora of the host's gut. Microbes 
lacking resistance mechanisms to the feed antibiotics will eventually die off, leaving 
only those harboring resistance genes. This process contributes to increased 
resistance among pathogens (Shea, 2004). Kidd et al. (2002) found a predominance 
of antibiotic resistant Salmonella in dairy-cow feed ingredients from multiple feed 
piles in western Oregon. Out of 50 Enterobacteriaceae isolates obtained from the 
feed piles, 62 % were found to be resistant to ampicillin, while 10% of the isolates 
were resistant to tetracycline. 
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Mathew et al. (1998) showed that E. coli isolates from sows and pigs from a 
total of 10 commercial swine farms exhibited a significant difference in antibiotic 
resistance to five commonly used antibiotics. The observed patterns of resistance 
appear to indicate that the factors influencing resistance depend on the pig's age as 
well as the degree of antibiotic use, suggesting that bacteria from farms where 
antibiotic use is widespread have a significant! y higher incidence of resistance. 
By developing resistance to antibiotics, bacteria are adapting to their 
environment. The adaptations come about as a result of natural selection, which is 
the non-random process by which allelic frequencies of a population change over 
successive generations (Ridley, 2004). For natural selection to occur there must be a 
selective pressure and differences in fitness among the members of a population as 
dictated by their genotype; bacteria will evolve if the population exhibits varying 
degrees of resistance to a particular antibiotic to which it is exposed. The number of 
antibiotic resistant bacteria will increase over time as those that survive the selective 
pressure will transfer their resistance genes to their progeny. 
There are a number of mechanisms by which bacteria can develop resistance 
against antibiotics. Horizontal gene transfer involves the exchange of genetic 
material between members of the same generation. A large assortment of genetic 
elements including transposons, gene cassettes, and plasmids can be exchanged via 
horizontal gene transfer, which operates through three major mechanisms: 
transformation, transduction, and conjugation. Transformation involves the uptake of 
naked or membrane-bound DNA by a bacterium with no direct contact with other 
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cells. In transduction, the DNA exchange is mediated by bacteriophages that 
essentially serve as vectors. Finally, conjugation involves an intimate association 
between two bacterial cells and the transfer of DNA through a structure called a sex 
pilus (Tanaka et al., 2003). 
There is a wealth of data available to support the acquisition of antibiotic 
resistance genes in bacteria through conjugation. Jacob et al. (1975) found that two 
strains of a variation of Streptococcus faecalis referred to as zymogenes, had 
~-hemolytic and bacteriocin activities. It was concluded that the genes that gave 
these properties to these strains were borne by the plasmids pJH2 and pJH3, both of 
which are highly transmissible. It was also noted by Jacob et al. (1975) that the 
property of transfer inhibition was exhibited in which the incorporation of a 
transferable plasmid into the host cell when a resident plasmid was already present. 
A separate study was conducted by Oliver et al. (1977), on S. faecalis strain 
5952 which has two plasmids, pOB 1 and pOB2. Through a series of mating 
experiments using this strain as a donor and the plasmid-free strain JH2-2 as a 
recipient, it was found that pOB 1 could be transferred to the recipient strain, thus 
giving the strain hemolytic activities. 
There is evidence to suggest that bacteria are prevalent in water samples 
collected from many surface waters in the United States exhibiting resistance to the 
third generation cephalosporins ceftazidime and cefotaxime, leading scientists to 
believe they produce extended-spectrum ~-lactamases (ESBLs) (Ash et al., 2002). 
The ESBLs consist of enzymes derived often from point mutations in the more 
7 
narrow-spectrum ~-lactamases. As a result of these mutations, these enzymes have a 
wider array of substrates to which they may bind and act upon (Jacoby and Munoz-
Price, 2005). 
There are several ways in which resistance genes thwart the actions of 
antibiotics. Many resistance genes encode proteins that function as efflux pumps, 
actively ejecting the antibiotics from the cell. Some members of the family 
Enterobacteriaceae have genes encoding efflux pumps, and in 1989 the first efflux 
pump exhibiting multiple-drug capabilities was discovered in Staphylococcus aureus 
(Rouch et al., 1990). Christensen (2000) mentioned how nosocomial infections 
involving Pseudomonas aeruginosa are becoming rampant because of the acquision 
of efflux pumps in that species. Secondly, other gene products can modify the 
antibiotic's molecular structure, thus rendering it inactive (Levy, 1998). For instance, 
the bacterium could produce an enzyme that degrades the antibiotic. Such is the case 
with ~-lactarnases that cleave ~-lactarn rings, the functional group required for 
~-lactams to function properly as bacterial cell wall synthesis inhibitors. Queenan et 
al. (2004) described how ESBLs are among the most crucial factors in antibiotic 
resistance among members of Enterobacteriaceae, chiefly among E. coli and 
Klebsiella pneumoniae isolates. Alternatively, the bacterium may alter the three-
dimensional conformation of the antibiotic through a number of mechanisms 
including phosphorylation, adenylation, or acetylation. By doing this, the antibiotic 
will no longer be able to bind to its specific target and perform its action. Another 
method involves the alteration of the antibiotic's target, which can occur via mutation 
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and subsequent selection for that beneficial variant in the bacterial population. For 
example, mutations can occur in the genes encoding the enzymes responsible for 
penicillin-binding-proteins (PBPs), associated with cell wall synthesis. If the PBPs 
are altered, the ~-lactam antibiotics can no longer bind to them and the bacterium will 
resist the effects of the antibiotic. It is commonly accepted that the alteration of PBPs 
has been responsible for methicillin resistance in some S. aureus strains 
(de Lencastre, 1994). 
Genetic variation that occurs via mutation is not considered to be as effective 
as horizontal transfer for a number of reasons. Acquiring beneficial genes in this way 
occurs at a much lower rate and there is always the possibility that a harmful mutation 
could occur in the genome (Tanaka et al., 2003). However, scientists are now 
uncovering a significant amount of evidence to suggest that bacterial mutation rates 
occur at a much faster rate than originally expected. Mutator genes are being 
discovered at high frequencies in bacterial populations suggesting that these 
organisms' environments vary quite rapidly. Thus mutator genes are favored in these 
bacteria as such fluctuations may occur very often (Tanaka et al., 2003). 
The predominance of these resistance and mutator genes are a major force in 
antibiotic resistance, but an additional important factor is the excessive use of certain 
antibiotics. If antibiotic resistance genes are present in a bacterial community even in 
low numbers, and a particular antibiotic is used against this community doggedly, 
there is a great likelihood that the resistance genes will quickly become widespread. 
Because of selection pressures, those with a gene that encodes a product that could 
9 
disable or reduce the effects of the antibiotic will survive and multiply. Thus, the 
subsequent community will have the resistance gene at a higher frequency than before 
(Levy, 1998). This is bacterial evolution in action, occurring in real time. 
Up to 30% of E. coli isolates from the community and approximately 45% of 
isolates acquired from hospitals exhibit resistance to a very widely used oral 
semisynthetic penicillin, amoxicillin (Neu, 1992). In particular, uropathogenic E. coli 
with tend to be resistant to multiple antibiotics including penicillin, oxacillin, 
bactericin, and cloxacillin (Neu, 1992; Levy, 1998; Kachroo, 2001). In the United 
States, E. coli isolates obtained from the feces of children in day-care have exhibited 
significant resistance to amoxicillin, and around three quarters of the community-
isolated E. coli in Southeast Asia exhibit resistance to ampicillin and the combination 
oftrimethoprim and sulfamethoxazol (Neu, 1992). 
Outbreaks of Gram-negative bacteria that have acquired ESBLs have become 
a common concern in hospitals. The ESBLs give the bacteria effective resistance to 
many of the most recent cephalosporins and other P-lactam antibiotics (Wiener, 
1999). Extended spectrum P-lactams were originally resistant to hydrolysis by such 
enzymes as the SHV (sulfhydryl variable) enzymes and the TEM (Temoneira) 
enzymes, which are commonly found in resistant bacteria (Jacoby and Munoz-Price, 
2005). Evidence suggests that there are P-lactamases that have been derived from the 
accumulation of point mutations in the original SHV and TEM genes. These 
extended spectrum enzymes give bacteria such as E. coli a wider spectrum of 
10 
antibiotic resistance and these genes are readily transferable via conjugation since 
they often reside on plasmids (Bush, 1989; Queenan et al., 2004). 
E. coli Host Source Tracking 
There are many methods, molecular and non-molecular based, that can be 
used to determine the source of E. coli contamination in watersheds. Ribotyping 
consists of generating a fingerprint pattern from genomic l 6S rDNA restriction 
fragment length polymorphisms (RFLP). First, total genomic DNA is extracted from 
bacterial cultures isolated from surface waters, human feces, and animal feces. The 
DNA is treated with restriction enzymes to separate it into fragments that are 
separated on a gel. A Southern blot hybridization analysis is then performed using 
rDNA probes to distinguish between different E. coli strains, which in turn could 
identify sources of fecal contamination. To enhance the discriminatory power of this 
technique, several restriction enzymes may be used independently in separate 
analyses (Simpson et al., 2002). 
Another common molecular technique is rep-PCR. This simple technique 
involves polymerase chain reaction (PCR) to amplify repetitive palindromic DNA 
sequences from the genomes of bacterial isolates. The most frequently used 
repetitive elements among Gram-negative bacteria include the repetitive extragenic 
palindromic (REP) sequence and the enterobacterial repetive intergenic consensus 
(ERIC) (de Bruijn et al., 1996). These PCR products can then be used to create a 
DNA fingerprint for fecal bacterial strains isolated from water sites and various 
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sources of fecal contamination. A multivariant analysis is then performed to 
differentiate between human and animal sources of fecal contamination (Simpson 
et al., 2002). 
One of the more common non-molecular methods used to determine the host 
source of fecal contamination (FC) is the fecal coliform to fecal streptococci (FS) 
ratio. Previous studies have shown that human feces typically has an FC:FS ratio 
greater than or equal to 4.0 while ratios below 0. 7 are linked with animal feces 
(Geldreich et al., 1968). The reliability of this particular method has been questioned 
since environmental factors can affect the survival rates of coliforms and streptococci 
bacteria, thus leading to false results (Geldreich et al., 1976). 
Antibiotic resistance profiles may also be used to determine the host source. 
The hypothesis is that E. coli isolated from human fecal material should have a 
greater resistance to antibiotics than those that are isolated from any animal sources. 
The E. coli isolated from animal feces should have less and different resistance to the 
various antibiotics and concentrations used commercially (Simpson et al., 2002). 
Previous Research 
Krumperman (1983) developed a method to classify E. coli isolates based on 
their resistance patterns to various antibiotics that could be used to identify potentially 
hazardous sources of E. coli contamination in food. Essentially, isolates with high 
multiple antibiotic resistance indices were found to originate from high risk sources 
including raw human sewage, poultry, and pigs. In addition to this, Krumperman 
( 1983) found that a limited number of animal isolates exhibited multiple antibiotic 
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resistance when antibiotic use was low. Kaspar et al. (I 990) compared the 
occurrence of multiple antibiotic resistant E. coli in both urban and rural water 
samples in the Chesapeake Bay area. Antibiotics commonly used in animal feeds and 
humans were assessed and it was discovered that E. coli isolates with similar multiple 
antibiotic resistance profiles originated from similar sources. This study provided 
strong evidence for the use of antibiotic resistance profiles in determining sources of 
fecal contamination in water. 
Wiggins (1996) took the previous research further by performing discriminant 
analysis on the patterns of resistance in fecal streptococci that were isolated from 
natural waters and from cattle, poultry, human, and wild-animal wastes. He found 
that fecal contamination in two streams in his study area was primarily from cattle, 
with 72% and 68% of the isolates being classified as cattle isolates. 
Study Area Characteristics and Research Objectives 
The area of interest in this study is the Triplett Creek watershed, located in 
Rowan County, KY. The streams include Triplett Creek and four of its tributaries, 
Hayes Branch, Christy Creek, Dry Creek, and North Fork. North Fork drains the 
majority of the northern region of Rowan County; the remaining streams drain from 
the eastern county line toward the Licking River, located to the west. The majority of 
the areas drained are forested while mostly low-to-moderate income households are 
scattered along the waterways. There are also a few relatively small agricultural areas 
- mostly pastures with a few com and tobacco fields. The only recognized industrial 
or commercial areas found in the study area include the Morehead State University 
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golf course and two awmi ll operations. a ll located on the main stem (Tonning, 
1994). Figure I summarizes the use of land in Rowan County. 
FIGURE 1: Rowan County land use map. Green depicts forested area, red/pink 
depicts retail and commercial areas, and yellow depicts residential use areas. 
There are four primary objec tives o f lhis project. First, the ex tent of antibiotic 
resistance in £. coli isolated from both warm-blooded ve11ebrates and the watershed 
will be assessed. Secondly, the antibiotic rcsi tance profile (ARP ) of£. coli 
isolated from warm-blooded vertebrates w ill be used to determine the host source of 
bacteria isolated from the Rowan County, KY watershed. Thirdly, this method will 
be compared to FC:FS ratios a indicator of the host source of£. coli. Finally, the 
penetrance of extended spectrum P-lactam resistance in E. coli wi ll be assessed. The 
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primary hypothesis is that the host source of E. coli contamination in the Rowan 
County watershed can be determined by comparing the ARPs of water isolates to the 
ARPs of known host isolates. 
Research Significance 
This study is significant in that it will validate and extend methods to 
determine the source of E. coli contamination of local watersheds. It will also assess 
the emergence of antibiotic resistant bacteria in the environment, especially the 
emerging ESBL expressing strains of E. coli. 
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Materials and Methods 
Figure 2 depicts an overview of the step-wise progression of the study. The 
chart includes the collection of the isolates from the water sites and known host 
organisms, identification of the isolates, and the subsequent antibiotic resistance 
analysis. 
Collect Water Samples 
100 mL, stored on ice for transport 
Animal Host Rectal Swab 
Inoculate CHROMagar ECG 
Blue colonies: presumptive E. coli North Fork, Triplett Creek (main stem), Hays Branch, Christy Creek, Dry Creek 
Bac-T Analysis 
membrane filtration 
method, same day 
as collection 
I Fecal strep I~ ~---~ 
Fecal coliform / 
FC:FS ratio 
Blue colonies: presumptive: E. coli Host source? 
I Pure cultures of isolates on EMB I ~ 
~ coli-like growth: indole test 
MR-VP test 
citrate test 
EC-MUG test 
nsitivity analysis Antibiotic se 
Kirby.Bauer method 
.--
ARP Database of Known Host Source 
E. coli Isolates 
indole + 
r---. methyl red+ Vogues-Proskauer -
citrate -
EC-MUG fluorescence+ & gas: 
+ I.D. as Escherichia coli 
1 
Produce Frozen Cell Stock of Isolate 
Inoculate TSB (from TSA culture), overnight 
incubation, pellet cells, re-suspend in 1 part 
TSB:1 oart alvcerol. store at •7□°C . 
TC-10 
ARP Database of Water E. coli 
Comparison by Discriminant Analysis 
FIGURE 2. Materials and methods flow chart 
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Water Collection/Bacteriological Analysis 
Initially, 100 mL water samples were collected in sterile Whirl-Pal{s (Nasco) 
from a total of 15 sites located in the Rowan County watershed shown in Figure 3. 
After collection, the samples were immediately stored on ice during their transport. 
Samples were collected from the following sites: Hays Branch by Poppy Mountain 
(HB03), Christy Creek by Tackett Bridge (CC03), Dry Creek by Clearfield (DC03), 
North Fork by Bull Fork Road Bridge (NF03), and the main stem of Triplett Creek by 
Soldier (TC00), Hays Crossing (TC0I), the Morehead State University Golf Course 
(TC02), Steven's Trailer Park (TC03), Rodburn (TC04), Tolliver Bridge (TC05), City 
Park (TC06), Highway 519 (TC07), Pack Estates (TC08), Highway 60 Bridge 
(TC09), and Farmers (TCI0). Figure 3 depicts the locations of all the sample sites. 
The TC00 site is located in the eastern part of the county near Soldier. The 
remaining TC sites proceed in order on the main stem (red line) traveling east to west, 
ending at TCIO in the town of Farmers. The remaining four sites are located near the 
end of each respective tributary, just before emptying into the main stem, with 
exception to the Christy Creek site. North Fork and Hays Branch are the longest and 
shortest tributaries shown, respectively. Of the remaining two, Christy Creek is north 
of Dry Creek. Table 2 gives the GPS coordinates for all fifteen sites. 
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TABLE 2. OPS coordinates and elevations for each site. 
Site GPS Coordinates GPS Elevation 
HB03 38°25'85.7"N 83°33'28.5"W 847' 
TC00 38°24'80.l"N 83°31'91.2"W 876' 
TC0l 38°!4'27.4"N 83°2! '06.6"W 865' 
TC02 38"13'31.7"N 83°22'44.l"W 822' 
TC03 38°12'34.6"N 83°23'48.l"W 794' 
TC04 38°11 '46.5"N 83°24'32.3"W 790' 
CC03 38°11 '26.0"N 83"22'42.4"W 824' 
TCOS 38ul 1 '29.8"N 83°24'57.4"W 796' 
TC06 38u10'57.5"N 83°25'49.0"W 752' 
TC07 38u10'01.5"N 83°26'22.9"W 735' 
DC03 38U09' 49.6"N 83°25' 52.6"W 749' 
TC08 38°09' 12.4"N 83--u27'37.6"W 718' 
TC09 38°08'47.2"N 83--u30'43.5"W 723' 
NF03 38°09' 49.3"N 83--u30' 44.4"W 670' 
TClO 38°08'53.9"N 83--u32'51.2"W 718' 
The samples were assessed for their bacterial content within eight hours after 
their collection. A bacteriological analysis was performed using the membrane 
filtration method. One mL and 10 mL aliquots from each sample were filtered using 
47 mm diameter membrane filters (Millipore, Bedford, MA) with 0.45µm pores. 
These filters were aseptically transferred to 47 mm Millipore culture dishes each 
containing a pad soaked in 2 mL of m-FC broth (Hach, Loveland, CO). These plates 
were incubated at 44.5°C for 24 hours. Bile salts and the conditional inhibitor of 
44.5°C supported the growth of fecal coliforms. Any colonies that fermented lactose 
appeared blue from the analine blue present in the medium (American Public Health 
Association, 1995). In addition to this, a separate 10 mL aliquot from each sample 
was filtered and the membrane filter was placed on a 47 mm Millipore culture dish 
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containing m-Enterococcus agar (Difeo, Sparks, MD). These plates were incubated at 
37°C for 48 hours to allow for better bacterial growth. The medium contained 0.4% 
sodium azide which inhibited the growth of aerobic microbes by preventing their 
ability to use oxygen. Enterococci had the ability to withstand the effect of the 
sodium azide (Forget and Fredette, 1962). The colonies on the medium appeared red 
from the reduction of tetrazolium red in the medium by the bacteria (American Public 
Health Association, 1995). The blue colonies on the m-FC plates were counted along 
with the brick red colonies on the m-Enterococcus agar plates. Colony forming units 
per 100 mL was calculated for the fecal coliforms and fecal strep and these values 
were then used to calculate the FC:FS ratio. 
Collection of Animal Isolates 
The animal hosts used in the experiment included cats, cattle, chickens, dogs, 
goats, horses, humans, pigs, and sheep. Approximately 10 animals per group and 30 
humans were rectally swabbed using sterile transport swabs. The swabs were then 
used to inoculate CHROMagar ECC plates (DRG International, Inc., Mountainside, 
NJ). A streak for isolation was performed and the plates were incubated at 35°C for 
24 hours. Blue colonies on the plate were considered presumptive E. coli isolates. 
Identification of the Isolates 
Three to four isolated blue colonies from the CHROMagar ECC plates and 
approximately 25 isolated blue colonies from the m-FC plates were transferred to 
Petri dishes (Fisherbrand, Florence, KY) containing eosin methylene blue agar 
(Difeo). After an incubation period of 24 hours at 35°C, the plates were observed to 
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identify isolates exhibiting coli-type growth. Any isolates with a characteristic bright 
green metallic sheen were further assessed using the IMViC (Indole [Difeo], Methyl 
red, Vogues Proskauer [Oxoid LTD, Basingstoke, Hampshire, England], Citrate 
[Difeo] and EC-MUG (E.coli; 4-methylumbelliferyl-~-D-glucuronide [Difeo]) tests. 
Any isolates that were positive for: indole production via tryptophanase activity, 
mixed acid fermentation, and MUG activity, and negative for both 2,3-butanediol 
fermentation and citrate utilization were positively identified as E. coli. Isolates were 
considered positive for MUG activity if the medium fluoresced under long 
wavelength UV light (366 nm) following incubation. The fluorescent compound is 4-
methylumbelliferone, which is generated by the enzymatic activity of glucuronidase 
on MUG (Feng and Hartman, 1982). 
Production of Frozen Cell Stocks of Isolates 
Frozen cell stocks of the E. coli isolates were generated by inoculating tubes 
containing 15 mL of tryptic soy broth (TSB) from either tryptic soy agar (TSA) or 
Mueller-Hinton agar plates. The tubes were incubated overnight at 35 - 37°C for 24 
hours. Following the incubation, the cells were pelleted by spinning the tubes for 10 
minutes at 5,000 rpm. The supernatant was discarded and each cell pellet was then 
re-suspended in 1 mL of 50% sterile glycerol in TSB. These cell suspensions were 
then stored at - 70°C in cryotubes. 
Antibiotic Sensitivity Analysis Using the Kirby-Bauer Method 
Mueller-Hinton broth (Becton Dickenson, Sparks, MD) tubes were inoculated 
with stabs of frozen stock isolates of Escherichia coli previously collected from a 
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variety of warm-blooded vertebrates, including cats, cattle, chickens, dogs, goats, 
horses, humans, pigs, and sheep. These tubes were incubated at 37°C for 4 hours to 
achieve log phase (exponential) growth. The broth cultures for the water isolates 
were analyzed using a spectrophotometer for absorbance values in the range of 0.4 -
0.6, as absorbance values within this range indicate that the bacteria are in log phase 
growth. It is during this phase that the bacteria are multiplying rapidly and are most 
vulnerable to antibiotics. These broth cultures were used to inoculate Kirby-Bauer 
(K-B) plates evenly over the entire surface using sterile cotton or polystyrene swabs. 
150 mm K-B plates contained 60 mL (to a depth of 4mm) of sterile Mueller-Hinton 
agar (Difeo). The plates were inoculated within 48 hours of their preparation. 
Following inoculation, twelve BBL sensitivity disks containing the following 
antibiotics were deposited on the plates: amikacin (AN 30), amoxicillin with 
clavulanic acid (AmC 30), ampicillin with sulbactam (SAM 20), cefotaxim (CTX 30), 
ceftazidime (CAZ 30), cephalothin (CF 30), ciprofloxacin (CIP 5), gentamycin (GM 
10), minocycline (Ml 30), piperacillin (PIP 100), tetracycline (TE 30), and 
trimethoprim (TMP 5). These twelve antibiotics were chosen for the fact that they 
are considered to be effective at inhibiting members of the bacterial family 
Enterobacteriaceae. However, resistance to some of these antibiotics is becoming 
more prevalent among the enterics, thus by using these antibiotics, the degree of 
antibiotic resistance among E. coli in the local environment could be assessed. All 
Kirby-Bauer plates were incubated at 35°C overnight. The antibiotics used and their 
respective families are depicted in Table 3. 
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TABLE 3. Antibiotic list with respective family. 
Antibiotic Family 
Amikacin Aminoglycoside 
Gentamycin Aminogl vcoside 
Amoxicillin w/ clavulanic acid ~-lactam 
Amoicillin w/ sulbactam B-lactam 
Ceftazidime ~-lactam 
Cefotaxime ~-lactam 
Pioericillin ,-lactam 
Ceohalothin ,-lactam 
Ciorofloxacin Quinolone 
Minocycline Tetracvcline 
Tetracvcline Tetracvcline 
Trimethonrim Sulfonamide 
Following the overnight incubation, the diameter of each zone of inhibition 
was measured in millimeters. Each zone represented the inhibition of bacterial 
growth due to the diffusion of the antibiotic on the disk in a radial pattern into the 
medium. The values for these zones of inhibition were compared to published 
standards to determine the susceptibility status of each bacterial isolate to each 
antibiotic (NCCLS, 2000, 2001; Bauer et al., 1966). 
MIC Determination by the eTest Antibiotic Gradient Method 
After the initial antibiotic sensitivity analysis was completed, the minimum 
inhibitory concentration (MIC) values were determined for each antibiotic shown to 
be effective against the E. coli isolates. The eTest® Method, was performed as 
described by the manufacturer (AB Biodisk, Solna, Sweden). Initially, tryptic soy 
agar (Difeo) plates were inoculated with selected E. coli isolates from each host group 
and incubated overnight at 37° C. Isolated colonies from these plates were then 
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transferred to sterile 0.85% (w/v) saline solutions. The cells were mixed so as to 
produce a cell suspension with a turbidity matching that of a 0.5 McFarland 
nephelometer standard. This produced a cell suspension of approximately 108 
cells/mL, the concentration typically used for aerobic bacteria in this particular test 
(SRGA, 2000). 
This suspension was used to inoculate Mueller-Hinton agar plates to 
confluency. Following this, eTest® strips, each containing a specific antibiotic that 
the E. coli isolates were found to exhibit resistance to, were placed on the plates. The 
antibiotics used in the analysis were amikacin, minocycline, tetracycline, pipericillin, 
and trimethoprim. These strips contained a calibrated antibiotic concentration 
gradient that covering 15 two-fold dilutions. The most common concentration range 
of the antibiotic in question used on these strips is 0.016-256 mg/L (SRGA, 2000). 
Following an overnight incubation at 35° C, an area on the plates where no bacterial 
growth appeared. The areas had an elliptical shape and the point where this ellipse 
merged with the test strip represented the MIC. The nearest higher concentration of 
the concentration series was accepted as the MIC in any case in which the zone of 
inhibition intersected one of the half-step concentrations on the test strip (SRGA, 
2000). 
Discriminant Analysis by Minitab 14 
Once the antibiotic resistance profile for each isolate was determined, the data 
was entered into an Excel spreadsheet. The statistical program Minitab 14 was 
employed to perform a discriminant analysis on the data set (Wiggins, 1996). 
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This program displayed the data as a number and a percentage that 
represented the percent of isolates from each known source that were correctly 
classified into each category. This information provided is useful in determining the 
average rate of correct classification (ARCC), which is derived by averaging these 
percentages. A data table representing a source-by-source matrix was constructed in 
which the values located in the diagonal represented the percentages of correct! y 
classified isolates (Wiggins, I 996). 
Comparison of ARP to FC:FS Ratios 
The project concluded with a comparison of correct classification rates 
between discriminant analysis of ARP to FC:FS ratios to detect any significant 
differences in the correct classification rates and to properly evaluate these two 
methods to decide which is best suited for tracking the source of fecal contamination 
in the watersheds. 
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Results 
Water Collection/Bacteriological Analysis 
The data in Table 4 provide significant evidence to show that fecal 
contamination is present in the watershed at a very high degree. Fecal contamination 
at the more upstream sites is originating primarily from animal sources, according to 
the fecal coliform to fecal strep ratio. There appears to be more mixing of animal and 
human fecal contamination for more downstream sites in the watershed as depicted 
by Figure 4. A parallel trend is the general increase in bacterial concentrations going 
from upstream sites to downstream sites. Another apparent aspect of the data is the 
large number of microorganisms encountered at the majority of the sites. One may 
notice that with the exception of the fecal coliform count at the TC02 site, all sites in 
the study area had very significant numbers of bacteria that exceed the EPA's 
standards, making the streams harmful for either human consumption or recreation. 
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TABLE 4. Fecal coliform: fecal streptococcus ratio data. 
Site FC/lOOmL FS/lOOmL FC:FS Possible 
Source 
HB03 5,100 4,300 1.19 Mix 
TC00 1,900 6,480 0.29 Animal 
TC0l 2,700 4,400 0.61 Animal 
TC02 110 350 0.31 Animal 
TC03 1,390 2,580 0.54 Animal 
TC04 690 1,330 0.52 Animal 
CC03 3,300 3,080 1.07 Mix 
TC05 1,600 2,700 0.59 Animal 
TC06 1,500 2,160 0.69 Animal 
TC07 25,900 5,220 4.69 Human 
DC03 1,600 2,380 0.67 Animal 
TC08 3,000 1,480 2.03 Mix 
TC09 7,000 3,800 1.84 Mix 
NF03 3,600 4,040 0.89 Mix 
TClO 5000 2600 1.92 Mix 
Isolate Identification Results 
The total number of isolates identified as E. coli were as follows for each host 
group: Human, 60; Dog, 34; Cat, 23; Cattle, 26; Goat, 30; Horse, 24; Pig, 30; 
Chicken, 32; Sheep, 29. From the 15 water sites in the county, a total of 351 bacterial 
isolates from the m-FC plates were used to inoculate the EMB-X plates. Of the 351 
isolates, 323 exhibited coli-type growth with a green metallic sheen. Of the 
remaining 28 isolates, 18 exhibited aerogenes-type growth with a mucoid appearance 
and 10 appeared to be non-lactose fermenters. When IMViC and the EC-MUG tests 
were performed on the 323 water isolates exhibiting coli-type growth, 244 were 
positively identified as E. coli. Other fecal coliforms that may have also been present 
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in the water include Klebsiella, Enterobacter, and Citrobacter species. These 
organisms may have accounted for the relatively high number of isolates not 
identified as E. coli. As mentioned previously, the IMViC results for E. coli are+, +, 
-, -; EC-MUG results should show positive MUG activity (fluorescence) and gas 
production. 
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Figure 4. FC:FS ratios on a site-by-site basis. The general trend of fecal 
contamination coming from animal sources (ratio values of:5 0.7) in the upstream 
sites and both animal and human sources (0.7 - 4.0) in the downstream sites can be 
visualized. 
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Antibiotic Sensitivity Analysis Using the Kirby-Bauer Method 
As shown by Table 5, there were only three E. coli isolates obtained from the 
water sites that exhibited resistance to at least three antibiotic families. These isolates 
were collected from samples that came from the Hays Branch site and the TCOl and 
TClO sites from the main stem. At least one isolate from each site was collected that 
exhibited resistance to one antibiotic family. Several isolates were collected from 
twelve of the sites exhibiting resistance to two antibiotic families, although their 
numbers were much lower than the isolates with resistance to one family. 
Just as with the unknown water isolates, there were very few E. coli isolates 
collected from the known host sources that were multiple-drug resistant (Table 6). 
Most of the isolates were resistant to only one or two antibiotic families. In fact, 
there were only two isolates obtained from the canine rectal swabs that were 
classified as multiple-drug resistant. These two isolates, obtained from two separate 
dogs, exhibited resistance to all five antibiotic families. 
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TABLE 5. Multi-drug resistance among the water isolates. The number to the left 
represents the number of isolates at each site exhibiting either no resistance or 
resistance to I, 2, or 3 antibiotic families. The number in parentheses is the 
percentage of isolates at that site exhibiting the aforementioned characteristics. 
Site No 1 2 i?:3 
Families Family Families Families 
HB03 2 (18.2) 7 (63.6) 1 (9.1) 1 (9.1) 
TC00 5 (83.3) 1 (16.7) 0 0 
TC0l 4 (36.4) 5 (41.7) 2 (16.7) 1 (8.3) 
TC02 2 (22.2) 6 (66.7) 1 (11.1) 0 
TC03 14 (66.7) 6 (28.6) 1 (4.8) 0 
TC04 8 (66.6) 4 (33.3) 0 0 
CC03 14 (53.8) 10 (38.5) 2 (7.7) 0 
TC05 6 (33.3) 10 (55.6) 2 (11.1) 0 
TC06 11 (61.1) 4 (22.2) 3 (16.7) 0 
TC07 8 (38.1) 10 (47.6) 3 (14.3) 0 
DC03 9 (50.0) 8 (44.4) 1 (5.6) 0 
TC08 5 (50.0) 5 (50.0) 0 0 
TC09 3 (17.6) 11 (64.7) 3 (17.6) 0 
NF03 8 (34.8) 9 (39.1) 6 (26.1) 0 
TClO 8 (36.4) 8 (36.4) 5 (22.7) 1 (4.5) 
TABLE 6. Numbers (and percentages) of multi-drug resistant known host isolates. 
Host No 1 2 i?:3 
Families Familv Families Families 
Chicken 0 15 (46.9) 17 (53.1) 0 
Human 13 (21.7) 46 (76.7) 1 (1.7) 0 
Cow 5 (19.2) 9 (34.6) 12 (46.2) 0 
Dog 13 (38.2) 11 (32.4) 8 (23.5) 2 (5.9) 
Cat 0 23 (100) 0 0 
Sheeo 1 (3.4) 9 (31) 19 (65.5) 0 
Goat 15 (50.0) 9 (30) 6 (20) 0 
Horse 14 (58.3) 7 (29.2) 3 (12.5) 0 
Pig 11 (36.7) 11 (36.7) 8 (26.7) 0 
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In the assessment of the effectiveness of each antibiotic, it is clear that 
cephalothin, a first-generation cephalosporin in the P-lactam family, is the least 
effective at inhibiting bacterial growth, as depicted by Tables 7 and 8, which show 
resistance among the water isolates and host isolates, respectively. This was expected 
since cephalothin is an older P-lactam that has been in use for a relatively long 
amount of time, giving bacteria an opportunity to develop resistance to this antibiotic. 
The extended-spectrum P-lactams (AMC 30, SAM 20, CTX 30, and CAZ 30) appear 
to have been more effective at inhibiting bacterial growth. Overall, the tetracyclines 
performed very poorly, while some of the more effective antibiotics included 
amikacin, ciprofloxacin, gentamycin, and trimethoprim. 
31 
TABLE 7. Percentages of water isolates resistant to each antibiotic. The antibiotics 
are amikacin (AN 30), amoxicillin with clavulanic acid (AmC 30), ampicillin with 
sulbactarn (SAM 20), cefotaxim (CTX 30), ceftazidime (CAZ 30), cephalothin (CF 
30), ciprofloxacin (CIP 5), gentarnycin (GM 10), minocycline (MI 30), piperacillin 
(PIP 100), tetracycline (TE 30), and trimethoprim (TMP 5). 
Site AN3 AMC SAM CTX CAZ CF30 CIP5 GM MI30 PIP TE30 TMP5 
0 30 20 30 30 10 100 
HB03 0 9.1 9.1 0 0 72.7 0 0 9.1 0 27.3 9.1 
TCO0 0 0 0 0 0 16.7 0 0 0 0 0 0 
TC0I 0 0 8.3 0 0 50 0 0 33.3 8.3 33.3 8.3 
TC02 II.I 0 0 0 0 66.7 0 0 0 0 11.1 0 
TC03 0 0 0 0 0 28.6 0 0 9.5 0 9.5 0 
TC04 0 0 0 0 0 33.3 0 0 0 8.3 0 0 
CC03 0 0 3.8 0 0 30.8 0 0 7.7 3.8 23.1 0 
TC05 0 0 0 0 0 50 0 0 22.2 5.6 27.8 0 
TC06 0 0 0 0 0 38.9 0 0 5.6 I I.I 16.7 0 
TC07 4.8 0 0 0 4.8 52.4 4.8 4.8 4.8 9.5 4,8 0 
DC03 0 0 0 0 0 50 0 0 5.6 0 5.6 0 
TC08 0 0 0 0 0 50 0 0 0 0 0 0 
TC09 0 5.9 11.8 0 0 70.6 0 0 0 35.3 17.6 5.9 
NF03 0 0 0 0 0 47.8 0 0 17.4 0 43.5 0 
TCI0 4.5 0 0 0 0 50 0 0 18.2 0 31.8 4.5 
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TABLE 8. Percentages of known host isolates resistant to each antibiotic. The 
antibiotics: amikacin (AN 30), amoxicillin with clavulanic acid (AmC 30), ampicillin 
with sulbactam (SAM 20), cefotaxim (CTX 30), ceftazidime (CAZ 30), cephalothin 
(CF 30), ciprofloxacin (CIP 5), gentamycin (GM 10), minocycline (MI 30), 
piperacillin (PIP 100), tetracycline (TE 30), and trimethoprim (TMP 5). 
Host AN30 AMC SAM CTX CAZ. CF30 CIP GMlO Ml30 PIP TE30 TMP5 
30 20 30 30 5 100 
Chicken 0 0 0 0 0 53.1 0 0 18.8 0 100 0 
Human 0 0 3.3 0 0 71.7 0 0 5 3.8 69.2 0 
Cattle 0 0 0 0 0 57.7 0 0 3.8 3.8 69.2 0 
Canine 0 2.9 2.9 2.9 2.9 50 5.9 5.9 11.8 20.6 32.4 8.8 
Cat 0 26.1 17.4 0 0 100 0 0 0 0 0 0 
Sheep 0 10.3 6.9 0 0 62.1 0 0 13.8 27.6 100 0 
Goat 0 0 3.3 0 0 43.3 0 0 20 20 20 0 
Horse 0 0 0 0 0 33.3 0 0 0 4.2 0 16.7 
Pig 0 0 0 0 3.3 36.7 0 0 53.3 6.7 53.3 0 
MIC Determination by the eTest Antibiotic Gradient Method 
A random sampling of isolates from each host group and from a variety of 
Triplett Creek sites were subjected to the eTest® method to determine the minimal 
inhibitory concentrations of the following five antibiotics: amikacin, minocycline, 
tetracycline, pipericillin, and trimethoprim. This data is displayed in Table 9 on the 
following page. Any cell in Table 9 containing no value indicates that the antibiotic 
for that respective column was not used for that isolate. 
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TABLE 9. Minimum inhibitory concentration values (µg/mL). 
Isolate Amikacin Minocvcline Tetracvcline Pinericillin Trimethoprim 
K94-03 3 48 >32 
K9 8-01 3 16 256 >256 >256 
CA 214-08 16 >256 
CA 222-03 3 128 
CA 226-01 4 >256 
CA228-03 4 96 
CH3-01 1.5 4 
CH3-02 >256 >256 
CH3-03 >256 256 
CH4-03 4 96 
FE 3-03 3 
FE 3-05 2 
GT6-01 128 >256 >256 
GT6-02 32 >256 >256 
GT6-03 32 >256 >256 
GT7-01 96 >256 >256 
GT7-02 16/24 >256 >256 
GT7-03 32 >256 >256 
Bossv05 >32 
Bossy 06 0.50 
Cotv02 >256 >32 
AR-1 1.0 48 
BG-1 >256 
BJ-1 1.0 
KB-B >256 
PC 203-01 12 >256 
PC 203-05 16 >256 >256 
PC412-04 24 256 
PC490-02 16 128 
PC490-04 >256 >256 
PC490-05 24 >256 
PC490-06 24 >256 16 
PC494-07 24 256 >256 
SH426-03 2 8 >256 64 
SH433-02 >256 >256 3 
SH437-02 6 256 >256 
SH 451-02 3 24 >256 >256 
TC 02-01 24 >256 
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TABLE 9 continued. Minimum inhibitory concentration values (µg/mL). 
Isolate Amikacin Minocvcline Tetracvcline Pioericillin Trimethoorim 
TC04-01 6 >256 
TC 09-09 2 6 
TC09-14 3 192 
Discriminant Analysis by Minitab 14 
Tables 10 and 11 depict the discriminant analysis results using only the known 
host sources; the former depicts the linear method results while the latter depicts the 
quadratic method results. In both analyses, data for cefotaxime were not included. 
Cefotaxime data were missing for both the pig and horse isolates and these two 
groups would have been excluded in the analysis if this particular antibiotic was 
included. The values in the diagonal (shown italicized) for each table display the 
number of isolates in each respective group that are correctly classified as being in 
that group based on the isolates' antibiotic resistance profiles. It is apparent that the 
quadratic method is overall better at correctly classifying the isolates by placing them 
into their respective groups based on their resistance profiles. 
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TABLE 10. Discriminant analysis for all host groups using the linear method. 
True Groun 
Put Into Dog Cat Cattle Chicken Goat Horse Human Pig Sheep 
Groun 
Do!! 18 I 4 0 1 0 3 3 I 
Cat 0 JI 0 0 1 1 4 0 0 
Cattle 4 0 9 3 0 0 0 2 4 
Chicken 0 0 5 21 0 0 0 4 3 
Goat 1 4 0 0 18 9 4 2 0 
Horse 3 0 1 0 3 JI 6 2 0 
Human 4 6 3 0 4 2 41 2 0 
Pig 0 0 1 4 2 0 1 15 2 
Sheen 4 0 3 1 0 0 1 0 18 
TotalN 34 22 26 29 29 23 60 30 28 
N correct 18 11 9 21 18 11 41 15 18 
Prooortion .529 .500 .346 .724 .621 .478 .683 .500 .643 
TABLE 11. Discriminant analysis for all host groups using the quadratic method. 
True Groun 
Put Into Dog Cat Cattle Chicken Goat Horse Human Pig Sheep 
Group 
Do" 13 0 0 0 0 0 3 0 1 
Cat 1 22 0 0 0 0 3 0 0 
Cattle 6 0 25 0 0 0 0 0 1 
Chicken 2 0 0 29 0 0 0 0 1 
Goat 1 0 0 0 28 2 3 0 0 
Horse 6 0 0 0 1 21 3 2 0 
Human 3 0 1 0 0 0 48 0 0 
Pie 1 0 0 0 0 0 0 27 0 
Sheen 1 0 0 0 0 0 0 1 25 
TotalN 34 22 26 29 29 23 60 30 28 
N correct 13 22 25 29 28 21 48 27 25 
Prooortion .382 1.000 .962 1.000 .966 .913 .800 .900 .893 
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Tables 12 and 13 display the overall results when discriminant analysis was 
performed using the complete panel of antibiotics. Table 12 displays the results using 
the linear method while Table 13 displays the results using the quadratic method. 
The statistical program MINIT AB 14 placed each unknown water isolate into the 
group animal, human, or water. If any isolates were classified as water, this was 
considered uninformative since the isolate origin remains unknown. The quadratic 
method appeared to perform poorly at classifying the water isolates. Several sites 
were not applicable to the analysis and others had their isolates left unclassified as 
human or animal. 
To determine if better classification could be achieved using selected 
antibiotics, the five antibiotics found to be least effective at inhibiting bacterial 
growth, with<:: 15 isolates from each group exhibiting resistance were used in the 
discriminant analysis. Antibiotics were selected in which there were distinct 
resistance profiles among the host group isolates. For example, cephalothin was 
common to each group, so it was excluded since it was not considered to be a 
valuable discriminating variable. With the exception of pigs and chickens, all host 
groups have a distinctive set of antibiotics to which 15 or more of the isolates 
exhibited resistance and this data is displayed in Table 14. The antibiotics used in the 
modified list for the second discriminant analysis were pipericillin, minocycline, 
tetracycline, amikacin, and trimethoprim. 
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TABLE 12. Discriminant analysis (linear method) summary for the water isolates 
using all (or majority) of the antibiotics. 
Site #Total %Human %Animal % Water FC:FS 
Isolates 
HB03 11 18.2 18.2 63.6 1.19 
TC00 6 0 0 100 0.29 
TC0l 9 22.2 11.1 66.7 0.61 
TC02 9 44.4 11.1 44.4 0.31 
TC03 20 25 10 65 0.54 
TC04 10 20 10 70 0.52 
CC03 25 4 20 76 1.07 
TC05 18 11.1 22.2 66.7 0.59 
TC06 17 0 17.6 82.4 0.69 
TC07 20 15 5 80 4.69 
DC03 17 11.8 5.9 82.6 0.67 
TC08 10 30 0 70 2.03 
TC09 14 21.4 0 78.6 1.84 
NF03 22 13.6 13.6 72.7 0.89 
TClO 21 19.0 14.3 66.7 1.92 
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TABLE 13. Discriminant analysis (quadratic method) summary for the water isolates 
using all (or majority) of the antibiotics. 
Site # Total %Human %Animal % Water FC:FS 
Isolates 
HB03 11 0 0 100 1.19 
TC00 6 NIA NIA NIA 0.29 
TC0l 9 0 0 100 0.61 
TC02 9 NIA NIA NIA 0.31 
TC03 20 5 0 95 0.54 
TC04 10 0 0 100 0.52 
CC03 25 8 8 84 1.07 
TC05 18 0 0 100 0.59 
TC06 17 0 0 100 0.69 
TC07 20 10 0 90 4.69 
DC03 17 0 0 100 0.67 
TC08 10 NIA NIA NIA 2.03 
TC09 14 0 0 100 1.84 
NF03 22 4.5 0 95.5 0.89 
TCl0 21 4.5 0 95.5 1.92 
TABLE 14. Least effective antibiotics at inhibiting bacterial growth. 
Host E. coli Antibiotic Resistance Profile (~ 15 of isolates tested exhibited 
resistance) 
Human cenhalothin, oineracillin, minocvcline 
Do!! cenhalothin, oioeriacillin, tetracvcline 
Cat cenhalothin, amikacin 
Cattle cenhalothin, tetracycline 
Goat ceohalothin, minocvcline 
Horse ceohalothin, trimethoorim 
Pig ceohalothin, tetracvcline, minocvcline 
Chicken ceohalothin, tetracvcline, minocvcline 
Sheen ceohalothin, minocvcline, tetracvcline, oioeracillin, arnikacin 
Tables 15 and 16 depict the MINIT AB 14 results when only the five selected 
antibiotics that were considered to be better discriminating variables were used. 
Again, the former displays the linear method results and the latter displays the 
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quadratic method results. This method yielded a better overall rate of classifying the 
unknown water isolates as belonging to the group human or animal as opposed to 
classifying the isolate as water (unidentifiable). 
TABLE 15. Discriminant analysis (linear method) summary for the water isolates 
using five selected antibiotics. 
Site #Total %Human %Animal %Water FC:FS 
Isolates 
HB03 11 27.3 18.2 54.5 1.19 
TC00 6 16.7 0 83.3 0.29 
TC0l 11 36.4 36.4 27.3 0.61 
TC02 9 44.4 22.2 33.3 0.31 
TC03 20 35 10 55 0.54 
TC04 10 10 0 90 0.52 
CC03 25 4 36 60 1.07 
TC05 18 44.4 16.7 38.9 0.59 
TC06 17 17.6 17.6 64.7 0.69 
TC07 20 30 10 60 4.69 
DC03 17 11.8 11.8 76.5 0.67 
TC08 10 30 0 70 2.03 
TC09 14 28.6 7.1 64.3 1.84 
NF03 23 30.4 17.4 52.2 0.89 
TClO 21 19.0 28.6 52.4 1.92 
Comparison of FC:FS Ratio to Discriminant Analysis Results 
To statistically compare the FC:FS ratio to the discriminant analysis results, a 
correlation was performed after the values for each site were converted to a 
percentage. This was achieved by dividing the fecal coliform counts by total bacterial 
counts (per site) for the FC:FS ratio and calculating the percentage of isolates 
classifies as humans, factoring out the unknowns in the process. When the 
correlation was performed for the data set in Table 12 and the FC:FS ratio, a Pearson 
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correlation of 0.331 and a p-value of 0.229 was obtained. There appears to be a very 
weak positive correlation between the discriminant analysis results and the FC:FS 
ratio, however with a p-value greater than 0.05, the relationship is not statistically 
significant. 
TABLE 16. Discriminant analysis (quadratic method) summary for the water isolates 
using five selected antibiotics. 
Site # Total %Human % Animal % Water FC:FS 
Isolates 
HB03 II 9.1 0 90.9 1.19 
TC00 6 0 0 100 0.29 
TC0l 11 18.2 0 81.8 0.61 
TC02 9 44.4 0 55.6 0.31 
TC03 20 25 5 70 0.54 
TC04 10 0 0 100 0.52 
CC03 25 16 8 78 1.07 
TC05 18 38.9 11.1 50 0.59 
TC06 17 5.9 17.6 76.5 0.69 
TC07 20 30 5 65 4.69 
DC03 17 5.9 5.9 88.2 0.67 
TC08 10 0 0 100 2.03 
TC09 14 28.6 0 71.4 1.84 
NF03 23 13 4.3 82.6 0.89 
TClO 21 9.5 4.8 85.7 1.92 
The same conclusion is reflected in the discriminant analysis results with 30% 
of the isolates classified as coming from human sources and 5% of the isolates 
classified as coming from animal sources. When the same correlation analysis was 
performed with the FC:FS ratio and the new discriminant analysis output using the 
selected antibiotics, the Pearson correlation had a value of 0.287 and the p-value was 
0.300. 
41 
Discussion 
The four primary objectives of this research project were as follows: 
1) Determine if antibiotic resistance profiles (ARPs) of E. coli isolated from warm-
blooded vertebrates could be used to determine the host source of bacteria isolated 
from various watersheds located in Rowan County, KY; 2) Compare this method to 
FC:FS ratios for each site; 3) Assess the extent of antibiotic resistance in E. coli 
isolated from both the warm-blooded vertebrates and the watersheds; 4) Determine 
the degree of extended-spectrum ~-lactam resistance in E. coli. 
FC:FS ratio/Bacteriological Results Interpretation 
The mixing of fecal contamination from both animal and human sources, as 
suggested by the FC:FS ratio data (Table 4), is a commonly encountered trend in 
watersheds with the convergence of waters and the accumulation of fecal bacteria as 
the waters travel downstream. This trend was demonstrated in the bacteriological 
assessment of the lower San Antonio River (San Antonio River Authority, 2004). In 
that particular study, counts of E. coli, fecal coliform bacteria, and fecal streptococci 
were all found to increase at the downstream sites. In the Triplett Creek main stem, 
this trend is apparent with the fecal coliform data, while the fecal streptococcus 
concentrations exhibit a much more unsystematic pattern. 
As mentioned previously, with exception to the fecal coliform count of 110 
CFU/mL for the site located by the Morehead State University golf course (TC02), all 
fecal coliform and fecal strep counts easily exceed the EPA standards for recreational 
waters (Table 4). The excessive bacterial concentrations may have been the result of 
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bacterial loading via runoff. Using a strain of E. coli as a biotracer, Abu-Ashour and 
Lee ( I 999) provided evidence to suggest that bacteria existing on the soil, such as in 
agricultural areas, could be carried into nearby rivers and streams and travel great 
distances downstream following a heavy rainfall. There is also the potential for 
sediments containing bacteria to be re-suspended from increased water flow 
following heavy precipitation, which would also contribute to higher bacterial counts. 
As Figure 4 shows, there was a relatively considerable amount of rainfall 
occurring one day prior to the water sample collection, with Rowan County receiving 
approximately 1- 2 inches of rain. As shown by Abu-Ashour and Lee (1999), such 
rainfall could potentially cause contamination of surface and ground waters by 
potentially pathogenic bacteria found in human or animal wastes. Based on previous 
bacteriological analyses conducted on the Rowan County watershed, bacterial 
numbers tend to be much lower in Triplett Creek and its tributaries, although fecal 
contamination appears to be continuously present (Kentucky District of Water and 
Kentucky Geological Survey, 1988). 
The concentration of fecal coliforms at the site by highway 519 (TC07), at 
25,900 CFU/mL is one value that stands out. It is unlikely that rainfall alone could 
have contributed to such high bacterial numbers. Instead, such high bacterial 
numbers may be originating from untreated human sewage entering directly into the 
water. In addition to this local disturbances could have played a role. For instance, 
recent bulldozing and construction in the area could have lead to increased runoff, 
leading to the high numbers. 
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FIGURE 5. Estimated precipitation for March 27, 2005. Rowan County, KY is 
located within the encircled area (Tntellicast, 2005). 
Multiple-Drug Re istance 
As mentioned previously, the twelve antibiotics used in the research are 
commonly used in humans and animals against enterics, and fal l into fi ve distinct 
antibiotic familie ba ed upon their method of inhibiting bacteria. In the initial 
assessment of the i. olates' antibiotic resistance profiles, those exhibiting resistance to 
at least three different antibiotic fami lies were deemed multiple-drug resistant , which 
occurs when bacteria acqui re additional res istance genes while retain ing the 
resistance all of their previous res i. lance (George, 2003 ). 
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The water isolate data seem to imply that multiple-antibiotic resistant isolates 
are not predominant in the environment since there were only three isolates from 
three sites that exhibited resistance to three antibiotic families (Table 5). In the 
known host isolates, only among the chickens, cows, and sheep did the occurrence of 
isolates resistant to two families exceed that of the number of isolates resistant to one 
family (Table 6). This may be due to an increased use of antibiotics in the feeds for 
these animals, although detailed descriptions of what specific antibiotics each group 
came in contact with was not obtained. 
One possible explanation for the occurrence of multiple-drug resistance 
among some of the canine isolates could be their consumption of fecal material. 
Perhaps the two dogs in question were not directly exposed to those antibiotics that 
the isolates exhibited resistance to, but rather, they acquired the multiple-antibiotic 
resistant isolates by consuming wastes from other organisms. 
Extended Spectrum B-lactam Resistance/General Patterns of Resistance 
The degree to which bacterial species have developed resistance to the 
antibiotic cephalothin has led to its discontinued use in the United States. It was 
previously mentioned that the extended-spectrum P-lactams appear to have been 
effective at inhibiting bacterial growth. This suggests that extended-spectrum 
P-lactam resistance is not a serious problem among the water isolates. Since the 
extended-spectrum P-lactams represent a very recent generation of antibiotics (3rd 
generation cephalosporins ), there are few bacteria exhibiting resistance to them. Any 
isolates that do exhibit resistance are likely expressing variants of older P-lactam 
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resistance genes that now have a wider substrate range, thus making them effective at 
impeding the effects of the newer generation antibiotics. Alongside the extended-
spectrum antibiotics, some of the more effective antibiotics include amikacin, 
ciprofloxacin, gentamycin, and trimethoprim (Table 7). 
The known host isolates exhibited similar patterns of resistance to the water 
isolates. Cephalothin was again the least effective antibiotic at inhibiting bacterial 
growth. The extended spectrum ~-lactams were relatively more effective, although 
the percentage of isolates exhibiting resistance to them was greater than the water 
isolates. There was resistance all across the spectrum for the canine isolates with at 
least one isolate exhibiting resistance to each antibiotic tested with the exception of 
amikacin. In addition to this, there was one canine isolate that exhibited resistance to 
all of the extended spectrum ~-lactarns. Just as with the water isolates, there was a 
relatively high degree of resistance against the tetracyclines (Table 8). 
Discriminant Analysis 
The quadratic method of discriminant analysis worked better than the linear 
method in classifying the known host isolates into their respective groups, with higher 
average rates of correct classification (Tables 10, 11). However, as Table 11 shows, 
the correct classification rate for the canines was still extremely low, with only 38.2% 
of the isolates classified into the group canine. This may be due in part to the 
possible coprophagic activities of dogs. The isolates that were classified well most 
likely came from hosts that were consistently exposed to specific antibiotics, as 
suggested by Wiggins et al. ( 1999). 
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For all remaining discriminant analyses using the water isolates, the animal 
isolates were pooled together since there was not a great need to differentiate between 
the animal sources. This tends to increase the average rate of correct classification 
(Wiggins, 1996). The quadratic method appeared to work more poorly at classifying 
the isolates when all of the antibiotics were used in the analyis (Table 13). However, 
classification rates for the water isolates improved drastically when selected 
antibiotics were used (Tables 15, 16). One way to interpret the high rate at which the 
isolates are classified as water rather than human or animal is that a significant 
amount of fecal contamination of water comes from wild animals. No wild sources 
of fecal contamination were considered in the study due to the difficulty of acquiring 
E. coli isolates from wild animals. Thus, it may be that isolates left unclassified are 
from wild sources, although there is no significant evidence to support this claim. 
Comparison of FC:FS Ratio to Discriminant Analysis Results 
As Table 14 shows, the percentage of unknown isolates that were classified as 
belonging to the animal or human groups increased when a fraction of the antibiotics 
were used. Just as with the previous analysis, a large number of isolates are still 
being classified as water. It appears that for the majority of the sites, the discriminant 
analysis results do not reflect the findings from the FC:FS ratio. One exception to 
this would be the TC07 results. With an FC:FS ratio of 4.69, this suggests that fecal 
contamination is corning primarily from humans. Once again, there was not a 
statistically significant relationship between the discriminant analysis output and the 
FC:FS ratio. 
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Limitations 
One of the major limitations of this study was the lack of any antibiotic 
resistance profiles for E. coli isolates from wild animal sources. As mentioned 
previously, this was due to the difficulty in acquiring such isolates. Previous research 
such as that conducted by Wiggins (1996) examined both domestic and wild animals 
which led to more accurate results. In addition to this, there was no detailed 
knowledge of what specific animals were located near each site. Wiggins ( 1996) 
eliminated groups of animals in the discriminant analysis if they were not located 
near specific sites. This led to better results since any host organisms that do not 
contribute fecal contamination at a specific site were not included in the analysis. 
Also, knowing particular antibiotics that were used in each host group would have 
proven useful when considering the resistance profiles of the isolates. The final 
major limitation of the study was the lack of a decent number of unknown water 
isolates. Studies conducted by Wiggins and others used thousands of isolates, 
compared to a mere 244 isolates from the water sites and approximately 30 per host. 
Having such small numbers of isolates may have contributed to the decreased 
accuracy of the statistical results. 
Conclusions/Summary 
Relatively heavy rainfall may have contributed to the very high bacterial 
counts witnessed, nearly all of which exceeded the EPA standards for recreational 
waters. The frequency of isolates exhibiting resistance to multiple drugs and/or 
resistance to extended spectrum ~-lactams was rather low, indicating that these are 
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not widespread problems in the local area of Rowan County, KY. Fecal 
contamination of the Rowan County watershed continues to be a problem. 
Discriminant analysis of antibiotic resistance profiles may be a valuable method to 
determine host sources of fecal contamination. The discriminant analysis results 
differ significantly with the FC:FS ratio data, however whether this method proved 
more accurate is remains inconclusive, thus the hypothesis was neither strongly 
supported or nullified. In future studies, a better working knowledge of what animals 
are found at each site, what antibiotics are used in animal feeds, as well as having a 
larger number of isolates to work with could provide more accurate results and a 
more firm conclusion on the efficacy of this method in the determination of fecal 
contamination origins. 
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